, as assessed by both classical histology and scanning elecfatty acid uptake and trapping, such as fatty acid binding protein (aP2), lipoprotein lipase (LPL), and PPAR␥ were tron microscopy ( Figures 1H-1I ). Since TIF2Ϫ/Ϫ mice have a similar fat pad weight yet smaller adipocytes also lower in TIF2Ϫ/Ϫ mice ( Figure 2C ). In contrast, than TIF2ϩ/ϩ animals, the cell number was increased leptin mRNA levels in adipose tissue ( Figure 2C ) and in the fat depot ( Figure 1I ), suggesting that increased plasma leptin concentrations ( Figure 2D ) were higher in cell number compensates for decreased adipocyte size. TIF2Ϫ/Ϫ mice. These changes likely contributed, at least in part, to the improvement in insulin sensitivity and the resistance to obesity in mice lacking TIF2. On Both Lipolysis and Fat Storage Are Affected by the Lack of TIF2 the other hand, plasma adiponectin levels remained unchanged in TIF2Ϫ/Ϫ mice (13.3 Ϯ 2.9 versus 15.4 Ϯ 2.9 We evaluated glycerol release to measure lipolysis in primary cultures of adipocytes isolated from TIF2Ϫ/Ϫ g/mL, P ϭ 0.46), indicating that the absence of TIF2 (H) GST pull-down assays were performed with His-tagPPAR␥2(DE203-477) or in vitro 35 S translated pCMX-ER␣ and increasing amounts (0.5, 1.5, and 3 g) of GST-p300, GST-SRC-1 or GST-TIF2 proteins prepared in E. coli. 293T cells were transfected with 500 ng of pCMV-p300, pcDNA-TIF2, pcDNA-SRC-1, and either BDGal4-hPPAR␥ DE and pGL3-(Gal4)5TKLuc reporter construct (I), or pSG5-hPPAR␥2 encoding fulllength receptor and LPL promoter-AN-CAT reporter construct (J). Cells were then grown for 24 hr with rosiglitazone (10 Ϫ7 M). Luciferase activity is expressed as units/␤-galactosidase activity. Each point was performed in triplicate. Bars not sharing similar superscripts are significantly different. nd: not determined. alters the expression of some, but not all adipose tissueligand-dependent interaction of p160 coregulators with PPAR␥ (McInerney et al., 1998). derived signaling molecules. In general, the altered gene expression pattern due to the absence of TIF2 appears
We then evaluated the role of overexpression of TIF2 and SRC-1 on fat storage in different cell lines by retrovito reduce the potential for fatty acid storage.
Both mRNA and protein levels of TIF2 and SRC-1 were ral infection. In the presence of insulin, dexamethasone, isobutylmethylxanthine, and rosiglitazone, 3T3-L1 cells induced during the differentiation of 3T3-L1 preadipocytes into adipocytes ( Figure 2E Figure 2H ). SRC-1 was much less effectively Macroscopically, interscapular BAT of TIF2Ϫ/Ϫ mice recruited by PPAR␥ than TIF2 (Figure 2H ), suggesting looked darker and had less WAT surrounding it than that TIF2 is the preferred p160 coregulator of PPAR␥.
that of TIF2ϩ/ϩ animals ( Figure 3A) . Intracellular lipid Estradiol-bound ER␣ did not show a preferential recruitaccumulation was decreased in TIF2Ϫ/Ϫ brown adipoment of the coregulators tested ( Figure 2H ). To further cytes, accounting at least in part for the darker aspect support these data, we assessed the activity of these of BAT ( Figure 3A ). TIF2Ϫ/Ϫ brown adipocytes seemed coregulators on PPAR␥ by cotransfecting a Gal4-PPAR␥ collapsed and less rounded. In addition, enlarged mito-LBD chimera, an UAS-driven luciferase reporter, and chondria with more cristae (Figure 3A bottom, arrows) expression vectors for TIF2, SRC-1, and p300. Based and much smaller lipid droplets ( Figure 3A bottom, ason a dose-response study of p300's ability to enhance terisks) were observed in TIF2Ϫ/Ϫ BAT. PPAR␥ activity, we selected 500 ng of p300 in all further
Oxygen consumption was initially similar in TIF2ϩ/ϩ transfection assays (Supplemental Figure S1A observed at 23ЊC (control), TIF2Ϫ/Ϫ mice had a higher these data illustrate that the absence of TIF2 enhances temperature than TIF2ϩ/ϩ animals when exposed to lipolysis and impairs fat uptake and storage most likely 4ЊC or fasted overnight ( Figure 3D ). Feeding-induced through the reduction of PPAR␥ activity, and hence prothermogenesis was also more pronounced in TIF2Ϫ/Ϫ tects against fat mass accretion under conditions famice ( Figure 3D ). In line with the higher lipolytic activity voring obesity. Since classical full PPAR␥ agonists, such in white adipocytes lacking TIF2, plasma free fatty acid as the thiazolidinediones, are being used for the treatlevels were more increased in TIF2Ϫ/Ϫ mice upon cold ment of type 2 diabetes-a condition often associated exposure and fasting ( Figure 3E ). In cold-challenged with obesity-the specific recruitment of TIF2 over BAT, oxidation of free fatty acids provides substrates SRC-1 after activation of PPAR␥ by these ligands might for heat production. As an index of this oxidation, we explain the fat accretion occurring upon treatment. Figure 4A ). In contrast, only the three C-ter-1␣-mediated PPAR␥ transactivation over a wide range of DNA concentrations ( Figure 4C ). Moreover, when minal, but not the first, leucine-rich motifs were well conserved in the five TIF2 sequences analyzed. The compared to the condition in which the three coregulators were present at a fixed amount of 500 ng, absence absence of the first leucine-rich motif could therefore potentially account for functional differences between of SRC-1 decreased, whereas lack of TIF2 increased PPAR␥ activity ( Figure 4D ). Together, these results furthe p160 coregulators.
We compared the ability of SRC-1 and TIF2 to stabilize ther support that TIF2 and SRC-1 compete for PGC-1␣ and that SRC-1 is required for PGC-1␣ activation ( Chronic ingestion of high-fat diets leads to altered energy balance, resulting in obesity, and insulin resistance. decreased BAT thermogenic activity. Likewise, rectal temperature of SRC-1Ϫ/Ϫ mice was significantly lower
We tested the effects of a high-fat diet for four months on the expression of TIF2 and SRC-1 in C57BL/6J mice. upon cold exposure (4ЊC for 6 hr) and overnight fasting than that of SRC-1ϩ/ϩ animals ( Figure 5B ). These differCellular levels of TIF2 protein in both WAT and BAT were markedly increased upon high-fat feeding, an effect furences in SRC-1Ϫ/Ϫ mice were associated with similar plasma fatty acid levels but lower ketone body concenther underscored by determination of tissue DNA content ( Figure 6 ). In comparison, the changes in SRC-1 trations (data not shown), suggesting that lipolysis in WAT was normal but that fatty acid oxidation in BAT was levels were much more modest in both WAT and BAT. In contrast, in other tissues that contribute to energy reduced in the absence of SRC-1. Moreover, SRC-1Ϫ/Ϫ mice consumed significantly less oxygen and had higher homeostasis (hypothalamus, liver, skeletal muscle, and pancreas), we observed no significant alterations in ex-RQ (CO 2 formed/O 2 used) than their wild-type littermates over a 6 hr period ( Figure 5C ), indicative of a lower pression levels of both the TIF2 and SRC-1 proteins upon high-fat feeding (Figure 6 ). These results indicate energy expenditure and an attenuated fatty acid oxidation relative to that of glucose.
that a high-fat diet modulates the expression ratio of p160 coregulators specifically in WAT and BAT. Since The diminished fatty acid oxidation and adaptive thermogenesis in mice lacking SRC-1 led to a significantly increased lipid accretion in BAT, possibly stimulated by the induction in TIF2 expression, reduces BAT's efficacy higher body weight gain (ϩ10%) ( Figure 5D ). This was mainly due to WAT accumulation ( Figure 5D ), as to compensate for the deleterious effects of high-fat diets on energy balance and because of the positive assessed by both DEXA scanning (ϩ46% versus SRC-1ϩ/ϩ mice) and the weight of the epididymal WAT effect of TIF2 on white adipose tissue accumulation, these findings suggest that a change in TIF2/SRC-1 ratio (ϩ41% versus SRC-1ϩ/ϩ mice). Consistent with the increased fat mass, plasma leptin levels were higher in could participate in the metabolic alterations that ultimately lead to obesity and insulin resistance. SRC-1Ϫ/Ϫ than in ϩ/ϩ mice (5.4 Ϯ 1.7 versus 12.8 Ϯ et al., 2001 ). 36B4 mRNA and 28S levels were determined as a control for loading creasing doses of the coactivator fusion proteins p300Nt-GST, TIF2-
